An examination of new product diffusion in Japan and Taiwan : a thesis presented in partial fulfilment of the requirements of the degree of Master of Business Studies (Hons) at Massey University by Chen, Carol W. Y
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 
AN EXAMINATION OF NEW PRODUCT DIFFUSION 
IN JAPAN AND TAIWAN 
A Thesis presented in partial fulfillment 
of the requirements of the degree of 
Master of Business Studies (Hons) at Massey University 
CAROL CHEN 
1999 
I 
,, I 
This thesis is delicated to my dear ah'-po 
-Mrs Chiu ChanR Yu Mei 
For a lady who could not c~fford the lux/{/y <?(formal education, she had Kf·eatfaith and 
11nshakahle he lief in the power <!f knowledKe. 
She lc111Kht me how to treasure the privileKe <!f education, somethinK that women were not 
entitled to in her lime. and many Renerations he.fore her. 
Acknowledgments 
ACKNOWLEDGMENTS 
I am indebted to the guidance and patience provided by my supervisor, Tony Lewis . This task 
would not have been possible without your encouragement and support. 
My regards and appreciation go to my co-supervisor, Malcolm Wright, for his incisive guidance, 
sharp-witted comments, and support all through the writing of this thesis. 
I would also like to express my deepest appreciation to my mentor, Don Esslemont, for his 
valuable guidance, insightful thoughts, philosophical stimulation and continual encouragement 
throughout my years at Massey University, whose inspiration, kindness, and unfailing support will 
always be remembered with gratitude. 
I am indebted to those who kindly assisted me in collecting the data - Junko, Mr. Tetsuyuki, Ms 
Young, Mr. Fong, and Wayne. Your generosity and months of work have made this thesis 
possible . 
To my dearest friends, Grant, Emma, Hara, Helen, Junko, Shirley, and Wendy. Your friendship is 
the fondest memory of my university life. While the institution taught me knowledge, you 
enlightened me on so many other equally important things in life. 
My heartfelt thankfulness to my parents for their support and giving me the opportunity to study 
abroad. 
Carol Chen, 1999 Page i 
TABLE OF CONTENTS 
1 SUMMARY ................................................................................................................................................. 1 
2 INTRODUCTION ............................................................... ........................................................................ 5 
3 LITERATURE REVIEW ............................................................................................................................ 9 
3.1 DIFFUSION THEORY AND FIRST PURCHASE DIFFUSION MODELS 10 
3.2 THE BASS DIFFUSION MODEL OF NEW PRODUCT GROWTH ........ .... .. ........... ....................... .... 18 
3. ] . I Background .... .. .... .... .............. .............................. ................ .. ... ............ .......................... ...... .. ...... I H 
, ? ? 
.J·-·- A/athematical interpretation of the Bass Alodel ....... .... ... ............ ... ... .. .. ... ........ .. ............ ........ ... .... 19 
3.].3 
3.LI 
[ !nderlving Assumptions and Beneficial Qualities ... .. .... .. ... ......... ..... ..... ...... ...... ...... .. .. ... ....... ... .... ]3 
Estimation of the Bass A lode/ 's Parameter.,· .. .... ....... . 
.U.4.1 
3.2.4.2 
On.linary Least Squares (OLS). 
Maximum Likelihood (ML) ............ ... . ... .. .. ... .. .... . 
3.2.4 .3 Nonlinear Least Squares (NLS) ... . 
. ............ .. .... ...... ..... ......... ....... .. ........ 25 
•·••· ····· ...... .... ....... .25 
27 
... .. .28 
3.2 .4.4 Practical Implications of Using Different Estimators ..... ........ .... ....... ...... . . 29 
3.].5 Bass A lode/ Extensions 
·· ·· ·· ·· ··· ··· ··· ··· ·· ··· ··· ·· ······· ····· ··· ··· ····· ·· ···· ·· ··· ······ ····· ····· ······ ····· ·········· · .30 
3.2 .5. 1 Non-constant market potential 
3.2.5.2 Non-Constant Imitation and Innovation . 
3.2.5.3 Marketing Mix Variables 
.1.2.5.4 Other Bass Model Extensions 
31 
)5 
)6 
.... )9 
3.3 THE APPLICATION OF THE BASS DIFFUSION MODEL IN DOMESTIC/SINGLE MARKET 
SETTINGS 
...... .... ......... ... .... .......... .... ... .................... .. .... ............. .. .. ........ ...... ......... ..... ..... ... -1-0 
3.3. I Empirical Tests <?(the Original Rass Diffusion A/ode/ .. ..... .... .... .... .. .. .. .............. .. .... ..... ......... ..... . ./() 
3.3. l . I The Descriptive Ability of the Bass Diffusion Model 
3.3. l.2 The Predictive Ability of the Bass Diffusion Model 
........ 41 
43 
3. -1- THEORY AND APPLICATION OF THE BASS DIFFUSION MODEL IN INTERNATIONAL 
SETTINGS ........................................ ........ ............. ....... .. .. .. .... ... ....... .... ..... .... ... ... .... ....... ........ ...... ..... .... -1-5 
3.-1. l The Performance <~f the Original Bass Diffusion A/ode/ in International Setting.,· ... ...... ......... .... ..... -16 
3.4 .1.1 The Descriptive Ability of the Bass Diffusion Model .... 
····· ······ ·· ···· ·········· · .. ·· ····· .. ..... .. 47 
3.4 . l.2 The Predictive Ability of the Bass Diffusion Model 
..... .... ........... ······ ···· ····· ···· ········ ··•--·••· .... so 
3.-1.] The Diversi~v of Bass A lode/ Parameters Across Countries ... .. .................................................... ... 56 
3. -1.3 Explaining the 1 ·arying D![fusion Patterns Across Countries: Bass A/ode/ Extensions ...... ......... .... 59 
3.4 .3.1 Models that include Country Characteristics and Lead-Lag Time Effect 
3.4 .3.2 The Leaming Effect Model .... ............ ... ..... ..... . 
.59 
62 
3. -1.-1 ,<..,·trategic Applications of the Bass Diffusion A lode/ in international Afarketing ..... ... ......... .... ........ 67 
C"aro/('hen, 1999 Page 11 
J.4 .4.1 Foreign market selection, timing and order of entry ... .. ........... ..... ...... ..... .. .... ... ................ ....................... 67 
J .4.4.2 Cotmtry Segmentation .... ................. ..... ... .. .. ...... .... .. ....................... ... ... .... .. .... .... .. ..... .. ....... ....... ..... .......... 69 
1.5 OBJECTIVES OF THE PRESENT STUDY ..... ... ........... .... ............... ........... .. ...... ...... .. ...... ... ......... ....... 71 
3.5. 1 TO £ \ TEND THE GENERALISABILJTr OF THE BA.'i:\ · DIFFW-,'JON A!ODEL TO THE JA P.-l NESE 
rl. ND T.•UWANESE AL4RKETS .... .... ... .... ... .... ....... ..... ...... ... .. ........................... ....... ......... ... ... .... ... . 72 
3.5.2 .-l ('ROSS-N . .J.Tf()NALrl.NALJ".\'JS OF THE D/Ffll.\'JON OF NE W PRODUC'TS IN J.-lP..J. N .--I ND 
T.-l l1f>IN ...... .... .... ......... ..... ...... .... ... .......... ......... .... ............... ................ ......... ... ........... ....... .. ..... ... . 73 
4 METHODOLOGY ......................... ........................................................................................................... 75 
-l. l DATAPROFILE ....... ....... ........ ... ............. .. .... .... ... .... .............. .. ......... ....... .......... .... ... ...... .. .... ..... ...... .. ... 75 
-l.2 PROCEDURE ...................... .. .. ..... .... ..... .......... ....... .... ..... ........ ... ....... ... ... .. ......................................... .... 80 
-1.2.1 Si111u/a1ion <![Standard Errors .... .... ... .................... ................ .. ..... ............... .......... .... .... ........... .. ... H3 
-1.2.2 Da1a Issues - Repeal Purchases and Product Exfensions ........ ........... .. .................. ..... ....... ... ... ... .. .. H-1 
5 GENERALISABILITY OF THE BASS MODEL TO JAPANESE AND TAIWANESE MARKETS .. 86 
5. 1 DESCRJPTIVE ABILITY ........ .... ........ ........................... .............. ...... .... ......... ... ......................... ........... 88 
5. I . I Param e fer Plausihi/it_v .... ............ ..... ... .......... ...................................... .................................. ......... YO 
5. 1.1. 1 Plausibility of Japanese Parameters ............. .......... .. .. . 
·· ···························9() 
5. 1 1.2 Plausibility of Taiwanese Parameters ............................. ..... .......................... ................ .. .......... ............. 92 
5. 1.2 Model Fil ............... ............ .. ..... ... ....... .. ........ .. ....... ..................................... ................. ........... .... 95 
5. 1.2.1 Fit or .Japanese Models.... ............... .. ............... . ... .. ... .. .. .... . . ... . ........ ...... ....... 95 
5. 1.2.2 Fit of Taiwanese Models............. .................... . ..... .. .. .. .. .... .... .... .. .. .. .. .... . 105 
5. 1.3 Su111111ary <!/ lhe Descriplive A hi lily o(lhe Japanese and Taill'anese Model.,· ....... .. .......... ........ ...... I 16 
5.2 PREDICTIVE VALIDITY ..... .................................. ............................ ......................... ..... ................... 11 7 
5. 2. 1 l 'redictive 1 ·alidi1v Model Parameters p . q. and 111 ....................... . ..... . . . ............................... . .... I J Y 
5. 2.] l'redic five I ·atidify Nex f Period Sales .. ..................................... .............. ....... ............. ... ........... I ]3 
5.] .3 
5.].-1 
Predic five 1 ·aliditv Peak Timing and Afagnitude ..... .... ............................ ................. ...... ........... I ]5 
( 'onc/usion .................... .. .... .. ... .......... ... ........ .............................................................. ....... ....... .. I] 7 
5.1 MODEL ST ABILITY ACROSS LEVELS OF AGGREGATION ........ ........ ..... ... .................................. 128 
5. 3. I Background ... .... ............... ... ............. ... ..... .. ...... ... ..... .. .. .. .............................. ............................... I ]H 
5.3. 2 Parameter Plausih ili~v at Different .-lggregafion level.,· ....................................... ............. ... ........ J 30 
5.12.1 Parameter Plausibility at Different Levels of Aggregation - Japan ........................................................... !JO 
5.J.2.2 Parameter Plausibility at Different Levels of Aggregation - Taiwan ................... .. .... ............. ............ ....... I-'-' 
5.3.3 Fit of the A!udel at Different Aggregation Level.,· ... ... ... .. .. ... ... ... .. ...... ............................. .............. I 36 
5.J .J . I Mo<lel Fit at Different Data Aggregation Levels - Japan ....................... ............ ........... ...... ........ .............. 1.l 6 
5.J .. U Model Fit at Different Aggregation Levels - Taiwan ...................... .. ....................................... ... ....... ...... 1.\9 
5. 3. -I Behaviour <![ diffusion parameters across d(!Jerent levels<!/ aggregation ....... ........ .. ... ... ...... ........ 1-12 
( 'arol ( 'hen, I 999 Page iii 
5.3.5 Annual Sales Estimatesfrom Bass Models Ca/ihrated at D![ferent Levels of Aggregation ..... ....... 150 
5. 3. 5. I Japan - Ammal Sales Estimates Across Aggregation Levels.... . . . . . . . . . . . . . . . . . . . . . .. .. . . 150 
5.3 .5.2 Taiwan - Annual Sales Estimates Across Aggregation Levels ........................ . ....... 155 
5.3. 6 Conclusion - Stahili~v Across Aggregation Levels.. .. .... ... ....... .. ..... . ......................... 160 
6 CROSS-NATIONAL ANALYSIS OF DIFFUSION PATTERNS IN JAPAN AND TAIWAN ............. 161 
6.1 WITHIN-STUDY DIFFUSION COMPARISON .......... . ...................... . ........... . 
··· ··· ···· ····· ·············· ······ l62 
···· ········· ····· ······· ·· ·· · ... 162 6.1 .1 Sign(ficance of D![fusion Parameters in Japan and Taiwan ......... . 
6.1. 2 Difference he tween D![fusion Parameters in Japan and Taiwan .... ... ..... ... ... ... .... ...... .......... .. .. ..... I 6./ 
6.2 THE LEARNINO MODEL ··· ········ ····· ····························•········ · ·······•··•········· · · ·· · ···· · ·· ···· ·· ···················•····•···· l68 
6.3 CROSS-STl TDY DIFFl TSJON COMPARISON ...... ... ..................... . . . ... . ... .... . ... . .. .. .. . ........ . ......... . ... . . .. . .. ........... 173 
7 CONCLUSION ........................................................................................................................................ 182 
7.1 GENERALISABILITY TO JAPAN AND TAIWAN .... .. ........... . . . ............ ..... ....... . . .... .. . . ... ... ...................... ... .... . 182 
7.2 CROSS-NATIONAL DIFFUSION PATTERNS ..... . ............. . .. .. . .. . . ... . . . .. . .. .. .. . . ....... . ...... . .... .. .......... . ............ .. ..... 186 
7.3 MANAOERIAL IMPLICATIONS ................. . ......................................... .. ... . . .. ... . .. . ..................................... 189 
7.4 RESEARCH LIMITATIONS AND DIRECTIONS FOR Fl T l IRE RES EARCH . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 191 
8 REFERENCES ........................................................................................................................................ 193 
9 APPENDICES ......................................................................................................................................... 203 
9.1 
9.2 
NON-LINEAR LEAST SQUARES ESTIMATION .......... .. .. .. ... .. .. .. .. . .. ... .. . .. .. . .. . ... . ...... .... . . ... . . ... ................... . 
MEASURES OF MODEL FIT - COMPLETE LIST .... .. . . .............. . 
9.3 PREDICTIVE VALIDITY/SMALL SAMPLE PROPERTIES .. ....... . ...... . .. .. . . .. ... .. ... .. . .. ... ... . . .. . ...... . 
203 
.208 
..209 
9.3.1 Bass Aloe/el Parameters - Japan p .... .. ... .. ...... ..... ................. ..... ........ .. ....... ......... . 209 
9.3.2 Bass Model Parameters - Taiwan p .. .. ....... ... .... .... .. ............ ... .. .. ..... ...... .. ... ... ....... .......... .. 21./ 
9.3.3 
9.3 . ./ 
9.3.5 
9.3.6 
9.3.7 
9.3. 7 
9.3.9 
9.3.10 
9.3. IJ 
9.3.12 
Bass Aloe/el Parameters - Japan (J ......... ... . .. .. .. . ........ . ... .. .. .. . . . . . . .. .. . ......... . .. .. .. . .. . .. . ... .. ... ... . . .. ... .... 2JR 
Bass 1\Jodel Parameters - Taiwan q ....... .................. .. ........ . 
. ····· · ····· ···· ··············· ·· . 222 
Bass A lode/ Parameters - Japan 111 ..... .. •.. . . ••...•. . .. •....•... .. .. ... ........... . •···· .............. ... .. ... .. ... 227 
Bass A/ode/ Para111eters - Taiwan 111 ........... .... ... ..... .... ........... .... ... ... ..... ......... ... ..... ... ...... ... .. ... 231 
Next Period ,'-,'ales - Japan .... .. ... .. ........................... ...... ......... ........ ... .... ............. .... .. .... ..... ... .. . : ... .. 236 
Next Period ,\'ales - Taiwan .... .......... .. ... ...... ... ......... ... ..... .. ... .. .. .. ..... ... .. ... .... ... ........ ... ......... ......... 2./0 
Peak Ti111ing - Japan ........... ....... .. ........ ... ....... ....... ....................................... ........... .. ...... .... .. ... .... 2./5 
Peak Ti111ing - Taiwan .............. ........ .. ............. .... ...... ......... .. ..................... ........... ..... .. ..... .. .... .. ... . 250 
Peak Magnitude - Japan ....................... ......... ......... .... ..... ... .. ..... ..... ..... .. .. ..... .............................. 25./ 
Peak Afagnitude - Taiwan ... ....... ... .. .. .... ............... .... ................ .... ........ .... ........... .... ....... .. ... ......... 259 
Carol ('hen, 1999 Page iv 
LIST OF FIGURES 
Fllil IRE :l. l R<ll,ERs· ADOPTER CLASSIFICATION ..... ..... ... . ... ... .... .. .. ..... ..... . . . . . ... ... . .... . . ...... ... .. .. ... ........... .. . ........ 14 
FI<.H IRE :l.2.1 ANALYTICAL STRI ICTI IRE OF THE BASS MODEL . ... . . . . ....... . .. .... ...... .. .. .. .... .. . ......... ..................... ..... .. 22 
FI<rl lRE :l.2 .2 R ATE OF ADOPTION (DENSITY FIINCTION) IN THE BASS MODEL.... .. ....... .... .... . .................. 22 
Fl<rl lRE 4 . 1 
FI<H IRE 5 . 1 
Firn lRE 5 .2 
FI<rl lRE 5 .:l 
FI<,IIRE 5.-l 
FWIIRE 5 .5 
FWIIRE 5 .6 
FI<il lRE 5.7 
FI<,IIRE 5 .8 
FinllRE 5 .9 
LIST OF CONSI !MER DI I RAB LES STUDIED ..... .. . . .... . .......... . ............ . . ................................. . ......... 76 
R EL.--\ TIONSHIP BETWEEN PAI. ACTIIAL FIRST PERIOD S . .\LES . .--\ND PIN . .. .......... ...... ...... . ........ .. .. .... ...... . 94 
AIR CONDITIONER DIFFIISION CIIRVE- JAPAN ........................................................................ ... ...... 97 
P ERS< lN AL Cc lMPI ITER DIFFI ISi< lN Cl IRVE- JAPAN ............ ..... . . . ............................ . ............ . ...... . ..... . . 98 
FACSIMILE D!FFI ISION Cl JRVE- JAPAN . . ...... .. . .......... ... . .. ................................ ... ................ .. . .. 99 
100 VIDEO C.--\SSETTE R ECORDER DIFFIISION CIIRVE- JAPAN 
MICROW.--\VE OVEN DIFFIISION C\ IRVE- JAPAN 
........ . .. .. . ........... .. .. . ....... ... .... .. ...... .. ... . 10 I 
VIDEO DISJ.; PLAYER DIFF\JSION Cl IRVE- JAJ'AN .. .... ................................. .. ... .. .. ..... . .. ... .. . .. .. ..... .. .... 102 
VIDEO C.1-\!v!ERA D!FFI IS ION Cl lRVE- JAPAN ...... . ..... ..... ... . ......... . 
DICiITAL Al lDIO DISJ.; PLAYER- JAPAN . . . .. ... ..... .. . . ..... . ........ .... .. . . 
.... .. ...................... .. ...... 10:l 
............ . .... . ...................... 104 
FI<il IRE 5 . 10 VACI fl IM CLEANER D!FFIISION CIIRVE- JAPAN .... . .. .. .. .. .... ... ...... .. .. .... .. ..................... .... . .. ... ... .... 105 
FI<il lRE 5 . 11 AIR CONDITIONER DIFFIISION CIIRVE-TAIWAN 107 
FI<rl IRE 5 . 12 P ERSON . .\L COMPI lTER DIFFI ISIO Cl lRVE- T AlWAN 108 
... 109 
110 
FI<il IRE 5.1:l 
FI<il 1RE 5 . 14 
FI<ilR E 5 . 15 
FI<rl 1RE5. 16 
FI<,IIRE 5.17 
FI<,\IRE 5 . 18 
FI<il IRE 5 . 19 
FI<,IIRE 5 .20 
FI<,IIRE5 .21 
FI<illRE 5.22 
FI<illRE 5 .24 
FI<il lRE 5 .25 
FitillRE 5 .26 
F .-\CSl~IILE DIFFIIS ION CIIRVE- T,\IW.-\N ...... . .... . ..... ............. . .... ..... .. 
VmEo C.--\SS ETTE R ECORDER 
. .. ......... .. .... .. ....... . 111 MICROW.--\VE0\'EN D!FFIIS IO C IIRVE-TAI\V AN 
INDI ICTI< )N C< )( )J.;ER DIFFI IS[( )N Cl IRVE- T ,\IW AN 
TV GAME DIFFI ISJON Cl IRVE- TAIWAN 
. .. ........ .. .. .. ... ..... .. .. .. .. .. .. .. ...... . .. ... .. .. .. . .. . . .. 112 
............. .... ......... 11:l 
FLOPPY DISK DIFFI ISION Cl IRVE- T ,\IW,\N ............. ... 114 
CLOTHES DRYER DIFFUSION CIIRVE- TA1WAN ...... .. .................. . .... . 115 
PR EDICTION OF NEXT PERIOD S ALES - JAPAN MK'ROW.WE O VEN .. .... ..... .. .......... ...... . ...... ..... 12:l 
QIIARTERL Y AND H ALF-YEARLY FACSIMILE DIFFI lSION Cl IR \IES- J.--\.l'AJ .................. ..... ................... l:l I 
H ALF-Y EARLY VIDEO C ASSE1TE RECORDER 0IFFIISION- J--\P.--\N .... ........... ........ ...... . .. .................... l:l:l 
COMPARISON OF DIFFI ISION Cl lRVES BETWEEN QI 1,--\RTERL Y VIDEO CASSETTE R ECORDER AND VIDEO 
DISJ.; PL--\.YER MODELS- JAPAN 138 
JAPAN AIR CONDITIONER - ANNI JAL SALES PREDICTIONS I 50 
JAPAN P ERSONAL CoMPI ITER - ANNI JAL SALES PREDICTIONS 151 
FllillRE 5 . 27 JAPAN F ACSIMILE - ANNIIAL SALES PREDICTIONS .. .. .. .................. ..... .. .. .......... ... .. .. ... . .................... I 51 
FI<illRE 5 .28 J APAN VIDEO CASSETTE R ECORDER- ANNUAL SALES PREDICTIONS ..................... .. .. . ................ .. .. 152 
FI<illRE 5 .29 J.--\PAN MK'ROWAVE OVEN - ANNI JAL SALES PREDICTIONS ........ . . ............... .. .. ................................ 152 
( 'nrol ( 'hen, 1 YYY Page v 
FI<.,IIRE 5.30 JAPAN VIDEO DIS!( PLAYER - ANNIIAL SALES PREDICTIONS .... .. .. . ... . . .. ... ... .. ... . ... .. ... . . .. . . .. . .. .. . . ...... .. 153 
FJ<,IIRE 5.31 JAPAN VIDE< > C Alv!ERA - ANNI JAL SALES PREDICT!( >NS ..... ... .... ..... . . 
.. . .. .. ... .. .... . .. . .. .. . ... . .... .. .. . . . .. . .. 153 
FIOIIRE 5.32 JAPAN DIGITAL AllDIO DIS!( PLAYER- ANNUAL SALES PREDICTIONS ...... . ... .... . .. . ....... . .. ... .. . . . . ... .. ... 154 
FHH IRE 5.33 JAPAN VAC\ll IM CLEANER- ANNUAL SALES PREDICTIONS ... .. . . . . .. . . .. . .. .. ... . .. ... . . .. .. ... . . . .. . .. .. . .... . . . . 15-l 
FI<.,IIRE 5 . 3-l T AJW,-\N AIR CONDITIONER - ANNl!AL SALES PREDICTIONS 
·· ······· ············· ···· · ···· ······· ··· ·· · ··· ·· ·· · · ··· 155 
FIOl lRE 5.35 
FICH IRE 5 . 36 
FI<,IIRE 5 .37 
FICH IRE 5 .38 
FIOIIRE 5.39 
FIOl lRE 5.-l0 
T.-\IW AN PERSO AL COMPllTER- ANNIIAL SALES PREDICTIONS 
..... ... ... . ... . ... ... ....... .. . . . ..... . . .. . . . .. .. .. 155 
TAIW,-\N FACSIMILE - ANNllAL SALES PREDICTIONS ....... ... .. . . ... ...... . ... . . .. . .. .... . ... .. ... . . . . .... ... . . .. ... ..... 156 
TAJWAN VIDEO CASSETTE RECORDER - ANNUAL SALES PREDICTIONS .. ... . .. .. .. . ... ........ . . . . . . .. .. .. . .. . .... 156 
T AlW.-\N MICROWAVE OVEN - ANNI JAL SALES PREDICTIONS 
..... .. ...... •· ·· · ·· ·· · · ··· ···· ·· · ······· · ··· ·. 157 
T.-\IW,-\N lNDl ICTION Com-:.ER - ANNI JAL SALES PREDICTIONS 157 
TAIWAN TV GAM E - ANNI JAL SALES PREDICTIONS .... . . . .. . .. ..... . ... .. . ..... . . . ..... .. . ... . ... .. ... .... . ... .. . . . . ... .. 158 
FI<,IIRE 5 .-ll T .-\IWA.N FLOPPY DIS!(- ANNI JAL SALES PREDICTIONS ........... .. . . .. . ... .. .... . . ... . .. . .. . . . , . ..... .. . . . ... .. . .. .. . ... 158 
FIOl IRE 5 .-l2 
FI<.H JRE 6 . 1 
FIOUR E 6 .2 
FI<rl IRE 6 .3 
FI<H IRE6 .-l 
FI<H IRE 6.5 
FI<,IIR E 6.6 
FI<rl 1RE6 .7 
FI<,ll RE 6 .8 
fI<, llRE 6 . 9 
T r\lW AN CLOTHES DRYER - ANNIIAL SALES PREDICTIONS 
··· · ·· ·· · · ··············· · · ··········· •· ··· · ·· · ·· ··· ··· .159 
AIR C<>NDITIONER - SALES ESTIMATES FROM BASS A.N D L EARNINO MODELS 
.. .. . . .. .. . . . .......... . .... .. . . 170 
PERSONAL COMPIITER- SALES ESTIMATES FROM B ASS .-\ND L EARNIN<, MODELS .. . . ... . .. . .. ..... .. . ... . ... 170 
f .-\CSIMILE - SALES ESTIMATES FROM BASS AND L EARN IN<, MODELS 
VCR - SALES ESTIMATES FROM BASS A.ND LEARNIN<, MODELS 
MICR< >WA VE OVEN - SALES ESTIMATES FR< >M B ASS .\N I> L E .. \R NIN<; M< rnELS 
I 71 
171 
..... ..... .... ........... 172 
RAN<,F. OF REPORTED P ·s - TAIWAN. JAPAN . A.N D Et 'ROPE . ... .... . . . ...... .. .... . .. .. ... . ..... .. .... . ................ 175 
R .-\NOE OF R EPORTED </S - T AIWAN. JAPAN. AN D E t IIWl'E .. . ....... . . . . .. . .. .... .. .. . . . .. ..... . . ... .. . .. ... .. . .. .... I 75 
P ERS<> AL COMPIITER - CROSS-STl IDY COMPARISON OF P .\ ND (J . .... ... .. ... . ..... , ..... ...... . .. . .. .. . .... . ..... 179 
VCR - CROSS-STllDY COMPARISON OF p AND (J . . . .. . . . . . . 
. ....... .. . . . . ..... . ... ... . . . .... . 180 
FI<H IRE 6. 10 MICR<>WAVE O VEN - CROSS-STI IDY COMPARISON <>F P AN D (J 181 
FI<,llRE 9 . 1 
FI<rl lRE 9 .2 
FI<,llRE 9.3 
FHH IRE 9.-l 
E:\:Al\lPLE OF ESTIMATION WORl(SHEET ........ . . . . .. . . . . . . .. .. . . 
. .. .. . .. . ... . .. . . ... . .. .... .. . 203 
EXCEL SoL VER M ENU S E·n1Nos .. . . . ..... .... . ..... . 
...... . ..... . ... . ........ 205 
EXC EL SOLVER AL<3ORITHM S ETTINGS .. .. .. . .. . ... . . . . . . .... . ..... . ....... . . 206 
LEARN! 0 MODEL EXAMPLE WORJ.;.SHEET ........ . . .. . .... . ..... .. ... . .. ... ... . . ... ... ... .. . ..... . .... . ... . .......... ... ...... 207 
Carol ( 'hen, I 999 Page vi 
LIST OF TABLES 
TABLE 3 . ➔ . l COMPARISON OF FORECAST!Nl, P ERFORMANCE OF THE BASS MODEL BY I lS!Nlr DIFFERENT PARA.METER 
ESTIMATES 53 
TABLE 3. -l .2 A SllMMARY OF INTERNATIONAL STUDIES ON THE B r\SS DIFFUS ION MODEL ... ................... . ....... .. .. .. 55 
TABLE 3 .-l .3 COMPARISON OF FORECA.STINO P ERFORMANCE ACROSS MODELS (MAPE's) ............... ...... .... .. .......... 65 
TABLE 5 . 1 D!FFIJSION PARAMETER ESTIMATES BASED ON Y EARLY JAPANESE D ATA.. . . ............. . ................ 91 
TABLE 5.2 PLAI JS IBILITY OF T AIWANESE MODEL PARAMETERS.... .................................... .. ........................ 93 
TABLE 5.3 
TABLE 5.-l 
TABLE 5 .5 
T...\BLE 5 . 6 
T ABLE5.7 
T...\BLE 5.8 
T ABLE 5 .9 
T...\BLE 5 . I 0 
T...\BLE 5. 11 
T...\BLE 5.12 
TARLE 5.13 
T...\BLE 5. I ➔ 
TABLE 5 . 15 
TABLE 5. 16 
T . ..\BLE 5 .1 7 
TABLE 6 I 
T...\l3LE6.2 
TABLE 6.3 
FIT OF J APANESE MODELS ........ ................................ .. . . .. ....... ................ . .... . .. . ...... .. ........... ......... 96 
FIT OF T AIWANESE MODELS ... . ...... ... . . ..... . .... . . . .... . .... . .............................. . ...... . ...... . ....... . 106 
PREDICTIVE ACCI !RACY OF P. (J. AND Al .. ......... . ........ . .................................. . ...... ... .. . ................. .. . 120 
CONVERUENT BEHAVIOI JR OF P. (J. AN D Af ....... . ........ . ........ . ....... . ........... . ......... .. ..... .. ....... .. ..... .. ...... 12 I 
PREDICTIVE Ace, !RACY OF PEAK TIMING AND M AlrNITI JOE .. .. . .... .. ................... ...... .. . .. ... ........... . ... 126 
PARAMETER PLAIJSIBILITY AT DIFFERENT DATA Arn,RElrATION LEVEL- JAPAN ...... .. ........ . .... .. ...... 131 
PARAMETER PLAIJSIBILITY AT DIFFERENT DATA Arn,REliATION LEVEL- TAJWAN ........ .. ................. 13-l 
M<lDEL FIT AT DIFFERENT L EVELS OF DATA Alrl,RE«ATION- J AP,\N .......... .. . ................. .. ......... .. . l37 
Sl llvllvf..\RY OF MAD AND MAPE FOR PEAK SALES ESTIMATES- JAPAN ............ .. 
. ........ . .. .. .. . . 139 
MODEL FITS AT DIFFERENT LEVELS OF D ATA AliliRE<i.\TION- T.-\JW.\N ......... . ......... . .. .. .. . .... . .. .. .... 1-lO 
SI lMf\1.-\RY OF MAD AND MAPE FOR P EAK SALES ESTl1\l.\TES- TAIWAN 
. . . . . .. . .. .. . .. .. 1-l I 
P .-\lU1'1ETER COMPARABILITY ACROSS DIFFERENT A<,<,REli .-\TION LE\'ELS 
.. .. .... .. ... ........ .. .. .. 1-l3 
STABILITY .-\CROSS AliliREGATION LEVELS - P 
.. . ... .. .. .. ...... . .. .... .. . .. . .. . .......... ... ...... .. ..... l-l6 
STABILITY ACROSS Alrl,REGATION LEVELS - (J .... ......... . ... .. ..... .. ...... .. . .. .. .. .... ... .. .. .... .... . .. .... .. .. 1-l 7 
. l-l8 STABILITY ACROSS AliGREliATION LEVELS -Al 
SH,NIFICr\NCE OF DIFFI ISION PARA.METERS IN J APAN A.ND T.-\JW . ..\N . ........... .... .. . ... . ....... .. ...... .. .. .. . 163 
SI<,NIFICANCE OF THE DIFFERENCES BETWEEN JAPANESE AND T .-\JW . ..\NESE P.-ill.-\1\ IETERS ..... 16-l 
Co1\IPARISON OF THE TAIWANESE B ASS MODEL AND LE.-\RNIN{, MuDEL P ,\Rr\.lvIETERS 
............... 168 
C'arol C'hen, 1999 Page VII 
1 SUMMARY 
The main objectives of this thesis here is to examine the applicability of the Bass model in Japan 
and Taiwa~ ,and to explore the diffusion characteristics of the adoption of new products in these 
two coun rie . The model was applied to thirteen consumer durables, of which five were common 
'.) 
•' 
in both Japan and Taiwan. The time series data used in this study was obtained from relevant 
government publications in each country. 
The performance of the Bass model was assessed in three broad ways: its ability to reproduce the 
diffusion process by using the full set of time-series data ( descriptive ability); its adequacy in 
predicting future sales at any stage of a product's life (predictive ability); and the stability of the 
model when estimated on data at quarterly, semi-annual, and annual levels of aggregation (model 
stability). The nonlinear least squares (NLS) estimation procedure recommended by Srinivasan 
and Mason ( 1986) was used to estimate the diffusion parameters and consequently the diffusion 
curves for each of the products . Measures of performance used in this thesis include the 
plausibility of the estimated diffusion parameters, the adjusted R2 between estimated and actual 
sales, and the accuracy of estimated and actual timing and magnitude of peak sales. 
With respects to the tests of descriptive ability, the obtained results provided empirical support for 
the model's ability to produce the new product diffusion processes in both Japan and Taiwan. 
Based on the entire annual data set, the Bass model produced plausible diffusion parameters and 
described the diffusion curves more than adequately in most cases. The reported adjusted R2 
values were above 0.8 for fourteen of the eighteen products (nine products in each country) and 
the graphic presentations of the estimated versus actual diffusion curves indicated that the model 
provided adequate approximation of the diffusion cycle in the remaining cases. 
The timing of peak sales were adequately estimated in both countries. However, while the 
model ' s estimates of peak magnitude were acceptable for the Japanese products, the level of peak 
sales was grossly underestimated in nearly half of the Taiwanese models. In most cases, this 
under-prediction was a consequence of the model not capturing drastic sales increases in the peak 
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time period. Future research is required to incorporate other exogenous variables into the original 
Bass model to produce better depictions of this unique diffusion event in Taiwan. 
Overall, the model's ability in describing the diffusion processes in Japan and Taiwan provides 
support for using it to understand the diffusion phenomenon in these two countries and to further 
compare their diffusion patterns with those in the literature. 
The forecasting performance of the Bass model in regard to predicting the diffusion parameters, 
peak timing and magnitude, and next period sales was somewhat disappointing. In about two-
thirds of the cases, the model did not estimate the diffusion parameters accurately until one period 
after peak sales. The same observation was also found in the estimation of the timing and level of 
peak sales_. Accurate estimates of peak timing and magnitude were only obtained after the 
inclusion of the peak time period. In terms of next period sales, the model produced inaccurate 
predictions in most cases and the results did not seem to improve as the number of data points 
increased. Overall, the results indicate that the validity of using the Bass model as a forecasting 
tool in Japan and Taiwan is questionable. 
When applied to quarterly, half-yearly, and yearly data, the Bass model to produce stable 
estimates across the aggregation levels . In both Japan and Taiwan, the model was robust in 
producing plausible diffusion parameters, satisfactory model fits , comparable parameter estimates, 
and similar annual sales estimates across all aggregation levels . Although the fit of the model was 
affected by the amount of seasonality in the data, it did not translate into differences in the 
parameter estimates or annual sales predictions. 
As the majority of international diffusion studies were based on annual data, this confirmation of 
the effectiveness of the Bass model at lower data aggregation levels adds significant value to the 
existing body of knowledge on new product diffusion in international markets . Moreover, as 
lower aggregation levels offer benefits of shorter waiting periods for each data point, it implies 
that marketing practitioners and academics can gain some insight on the diffusion process within 
three years of the product launch. 
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Since the generalisability of the Bass model was validated in Japan and Taiwan, the obtained 
diffusion parameters for air conditioners, personal computers, facsimiles, video cassette recorders, 
and microwave ovens were further compared between these two countries and with results 
reported from other studies. 
The cross-national analysis indicated that while the coefficient of external influence p was 
significantly higher in Japan than Taiwan for air conditioners, video cassette recorders, and 
microwave ovens the coefficient of internal influence q was higher in Taiwan than in Japan in all 
cases. Also, when applying the learning model to all five products, the learning effect coefficient 
was only substantial for the two business-oriented products, i.e. personal computers and 
facsimiles . For the other three consumer durables, the faster rate of adoption in Taiwan was not 
the result of learning from Japanese consumers. In terms of future research, other relevant 
variables could be incorporated into the original Bass model to explore the underlying factors that 
govern the faster diffusion process in Taiwan. 
Finally, a cross-study comparison was conducted with the purpose of finding out how the new 
product diffusion patterns in Japan and Taiwan differ from those reported in the literature. While 
the Japanese diffusion parameters were more closely aligned with European estimates, Taiwan 
was found to have a comparably lower external coefficient, p , and much higher internal 
coefficient, q, than Europe. In contrast to Takada and Jain ( 199 I)' s findings where faster rate of 
adoption (as reflected in high q values) was observed in Japan and Taiwan than in the US, this 
study found that the Japanese diffusion patterns are more comparable with other industrialised 
European economies than with Taiwan. While the level of interpersonal influence has remained 
high in Taiwan, it seems to have decreased in Japan over the years . This observation appears to 
suggest that new product diffusion is not necessarily a constant phenomenon over time, with 
factors such as economical development and product characteristics impacting on diffusion 
patterns. 
The scope of any study is finite with the main consequence being limits on the generalisability of 
the findings . Future research should focus on expanding the range of countries and common 
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product categories studied across them. In particular, the inclusion of fast moving consumer 
goods, a dynamic and innovative area in these countries, would be of much interest. Furthermore, 
it would be interesting to fit the model to brand level data in the same way as the study by Healey 
( 1996). 
The tests of predictive ability were only conducted at the annual level of aggregation and 
therefore, generalising to half-yearly, quarterly, or other levels of aggregation is not possible. 
This is of particular importance as diffusion effects such as seasonality would vary at these 
different aggregation levels . In practice, the model would be used for forecasting using shorter 
time periods. 
The models estimated in this study were (with the exception of the learning model) all based on 
the original Bass ( 1969) model. Extensions of the model to include marketing mix variables, 
repeat purchases, and multiple product generations, and other external factors may help to better 
depict the Taiwanese diffusion curves, in terms of capturing the drastic increase of sales prior to 
and during peak sales, improve the forecasting performance of the model, and to provide useful 
insights into the diffusion characteristics in these countries. 
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2 INTRODUCTION 
The diffusion of new products and services is an important marketing issue given the vast number 
of new products, brands, and brand extensions being developed and launched every year. Shorter 
product life cycles mean companies have less time to recoup development costs and optimise 
elements of the marketing mix. Accordingly, any prior information about the particular 
innovation or market is essential in aiding decision making. 
As important is the development of models that can forecast sales and diffusion patterns prior to 
product launch and during the early stage of the product's life . Furthermore, understanding the 
diffusion dynamics of different geographic regions is a prerequisite for success in an increasingly 
global environment that retains many cultural nuances. All of these issues are addressed to some 
extent in this thesis, but it is the last of these which is the main focus . 
The Bass diffusion model of new product growth (Bass, 1969) is a mathematical model which 
focuses on the process by which an innovation is adopted within a social system over time. The 
original model has three parameters: external influence, p , which represents the impact of factors 
external to the adopting population such as mass media and advertising; internal influence, q, 
which includes both verbal and nonverbal interpersonal effects within the adopting population; 
and the expected total number of adopters or market potential, m . Being inherently non-linear, 
the model is able to duplicate the s-shaped cumulative adoption curve regularly observed for new 
products (Dodds, 1973 ; Sharif and Ramanathan, 1981 ; Mahajan, Muller and Bass, 1995). 
Since its introduction, the Bass model has become one of the most empirically researched subjects 
in marketing and the consequential body of knowledge consists of several dozen articles, books, 
and other assorted publications. Research has shown the model is adept at capturing and 
describing the diffusion process of a wide variety of products such as consumer durable goods, 
industrial technology, retail services, educational, agricultural, and pharmaceutical products 
(Mahajan, Muller, and Bass 1990). 
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By fitting the model to historical time series data, it can be used to explain diffusion patterns and 
test diffusion-related hypotheses, thus providing insight into the product life cycles of new 
products (Mahajan, Muller and Bass, 1990). For example, Rao and Yamada (1988) showed that 
the diffusion process of an innovation is affected by potential adopters ' perceptions of the 
product. 
The Bass model has been shown to have some value in predicting the timing and level of peak 
sales and the number of first purchase adopters in each time period (Dodds, 1973; Lawton and 
Lawton, 1979). These forecasting applications are of particular interests to marketing managers 
as they can be used to support decisions with regard to resource allocation ( especially the 
marketing mix) and production. 
A fruitful area of research has focused on extensions to the original Bass (1969) model. These 
accommodate marketing mix and other theoretically important variables, and generally involve 
relaxing the main assumptions underlying the model. For example, models incorporating non-
constant market potential (Mahajan and Peterson, 1978), non-constant p, q, and 111 (Easingwood, 
Mahajan and Muller, 1983 ), repeat purchase (Lilien, Rao, and Kalish, 1981 ), product extensions 
(Norton and Bass, 1987), and marketing mix variables (Horsky and Simon, 1983; Kalish and 
Lilien, 1986; Bass, Krishnan and Jain, 1994) have been developed . 
Apart from improved performance in terms of describing and predicting the new product diffusion 
process, these model extensions can be used for normative purposes. This involves the 
development of general decision rules regarding marketing mix and other variables over the 
product's planning horizon in order to maximise profits (Mahajan, Muller, and Bass, 1990, p 16). 
In international marketing, the normative value of Bass model extensions lies in guiding marketing 
mix decisions in different contextual situations (Mahajan, Muller, and Bass, 1990). For example, 
the learning effect model (Ganesh and Kumar, 1996; Ganesh, Kumar, and Subramaniam, 1997) 
assumes that the diffusion process in the lag country is affected by the rate of adoption in the lead 
country. If there are strong learning effects within a region, it may be profitable to concentrate 
marketing resources on the lead country, based on the expectation that this will have a flow-on 
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effect to other countries (i.e. a waterfall strategy). If the learning effects are minimal, then it 
could be more profitable to spread resources across the countries on the basis of market potential 
(i.e. a sprinkler strategy). 
Diffusion researchers have also endeavoured to derive the most appropriate estimator of the Bass 
model's parameters in cases where historical data exists. In terms of fit, unbiasedness, and 
accuracy of standard errors, estimators have improved considerably since the first method of 
ordinary least squares (OLS) proposed by Bass (1969). The main procedure now used is non-
linear least squares (NLS) estimation though maximum likelihood (ML) estimation has also been 
used on occasions. Methods for estimating the Bass model when little or no data is available have 
also been developed and tested with some promising results reported (Mahajan and Sharma, 
1986; Gatignon, Eliashberg, and Robertson, 1989; Sultan, Farley, and Lehmann, 1990). 
Unfortunately, to the detriment of the generalisability of the results in the marketing literature, 
most reported empirical applications of the Bass model have been in the U.S. and to a lesser 
extent Europe. As these nations are more economically developed and culturally different than 
other markets in the world, the obtained results might not be universally generalisable. The 
increasingly influential and developing Asian region is one example where previous Bass model 
findings may not apply. Only the study by Takada and Jain ( 1991) has attempted to understand 
the diffusion patterns of countries in this region. However, this study considered only older type 
consumer durable products such as televisions and air conditioners where peak sales were 
achieved more than two decades ago and whose relevance today is questionable. 
The overall goal of this study is to continue adding to the already sizeable body of knowledge on 
the Bass model by extending the generalisability of the model to more recent product innovations 
in Japan and Taiwan. This will involve examining the Bass model ' s capacity to capture the 
diffusion process in Japan and Taiwan when calibrated on all available data, assessing the 
forecasting ability of the model in the two countries, and deciding if the model ' s estimates are 
stable and comparable across different levels of data aggregation. 
Subsequently, the model will be used m an explanatory mode to test hypotheses related to 
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innovation diffusion across the two countries. The learning model will be estimated with Japan 
and Taiwan the lead and lag countries respectively. Finally, the diffusion patterns for Taiwan and 
Japan will be compared with results reported in the literature. 
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